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ABSTRACT 


Optically  active  trans-2-phenyl-3-p-tolyloxi rane  and 
optically  active  c?s-2-phenyl-3-p-tolyloxi rane  were 
prepared  and  the  kinetics  of  their  optical  isomerization 
and  geometrical  isomerization  were  studied. 

The  slower  rate  of  optical  isomerization  of  c  i  s -  2 - 
pheny I -3 -p- to  I y I  ox i rane  compared  with  that  of  t  rans-2- 
pheny  I -3-_p- to  I  y  I  ox  i  rane  is  attributed  to  the  conrotatory 
opening  of  the  oxirane  ring. 
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ISOMERIZATION  OF  OXIRANES 


2 


HISTORICAL 

Studies  on  the  thermal  Isomerization  of  oxiranes  have 
shown  that  the  car hon-carbon  bond  cleavage  is  an  important 
reaction  (1,2,3).  The  mode  of  ring  opening  is  predicted,  on 
the  basis  of  orbital  symmetry  considerations,  to  be  con- 
rotatory  but  direct  experimental  proof  has  as  yet  not  been 
ob ta i ned . 

Linn  and  Renson  (1)  observed  the  carbon-carbon  bond 
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JL 

H,C—  C=CH,  .  NO"/ 
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cleavage  in  oxiranes  in  their  study  of  the  reactions  of 
tet racyanoeth y 1 ene  oxide  in  the  presence  of  a  dienophile 
There  are  three  types  of  thermal  i somer i za t i ons  for  the 
2,3  di subst i tuted  oxiranes  possible,  as  outlined  in  scheme  1 
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Scheme  1 

Scheme  2  shows  the  two  extreme  mechanisms  for  these  isomer- 
izations  together  with  the  predicted  relative  magnitudes  of 
the  rate  constants  for  geometrical  and  optical  i somer- 


i  za  1 1 ons . 


elect  rocycli  c 


conrotat  ion 


r  andom 


process 
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Scheme  2 
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Crawford  and  Lynch  (2)  studied  the  kinetics  of  the 
geometrical  and  optical  i some r i zat i on s  for  trans-2, 3- 
d i pheny I  ox i rane  and  found  that  the  ratio  of  the  rate 
constant  for  optical  isomerization  to  that  of  geometrical 
isomerization  was  172:1  at  228°C.  This  high  ratio  in  favour 
of  optical  isomerization  is  essential  for  an  e  I  ect rocyc I i c 
process.  Very  recently  Vukov  (3)  has  observed  strong 
evidence  in  favour  of  an  e I ec t rocyc I i c  process  in  the 
thermal  isomerization  of  d i v i ny I  ox i ranes .  She  studied  the 
kinetics  of  optical  and  geometrical  isomerization  of  t  rans- 
2,  3-d i v  i  ny 1  ox i rane  and  found  that  the  ratio  of  the  rate 
constant  for  optical  isomerization  to  that  of  geometrical 
isomerization  was  145:1  at  150°C.  Unfortunately  neither 
work  (2,3)  was  able  to  define  the  mode  of  ring  opening  to 
the  i ntermed i ate. 

Huisgen  et  al  (4)  studied  aziridines,  which  are 
i soe I ect ron i c  with  oxi  ranes,  and  found  that  dimethyl-l-(4- 
methoxypheny I )az i r i d ine-2, 3-d i carboxy I  ate  ring  opened  in  a 
conrotatory  manner.  Huisgen  (5)  also  found  that  the  geometr¬ 
ical  isomerization  could  be  explained  by  the  intermediates 
and  4  equilibrating  as  shown  in  Scheme  3.  Also  two  of  the 
three  molecules  of  1  which  overcame  the  ring  opening 
barrier  at  120°  C  and  arrived  in  the  energy  trough  of  3 
rolled  back  to  1  while  the  third  made  the  next  pass  which 
led  to  4.  Also  4  was  partitioned  in  the  ratio  9:2  between 
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conrotatory  ring  closure  to 
i  za  t i on  to  3 . 

A  r 


2  and  geometrical  isomer- 


*1 


THEORETICAL  CONSIDERATIONS  OF  OXATR I  METHYLENE 
The  ring  open  form  of  oxiranes  is  a  4Tf  system  since 
the  lone  pair  of  electrons  on  the  oxygen  is  mixing  with  the 
S  combination  of  the  terminal  p-orbitals  (6). 

Clearly  the  resultant  41T  electron  system,  with 
the  highest  occupied  level  ant i symmetr ? ca I ,  resembles  the 
a  I  I y I  anion  and  consequently  a  conrotatory  mode  of  closure 
for  this  species  to  its  three  membered  analog  is  predicted. 


I;'i 
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Figure  1.  An  Interaction  Diagram  for  Oxa f r i me f h vl pnp . 

Recently  Hayes  and  Siu  (7)  carried  out  a  theoretical 
study  of  the  electronic  structures  of  the  open  forms  of 
several  three  membered  rings.  One  of  thoses  studied  was  an 
oxirane.  The  electronic  structure  of  the  open  form  of 
oxiranes  was  found  to  be  a  linear  combination  of  reson¬ 
ating  structures. 

c  =  6  —  c  <? - ■>  c  -  o  —  c  < - ->  c  —  o  —  c 

Instead  of  favouring  any  one  of  these  we  will  use  the 
following  representation  for  the  planar  intermediate 
throughout  this  thesis. 
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PROBLEM 

The  mode  of  ring  opening  for  oxiranes  predicted  by  the 
orbital  symmetry  considerations  is  conrotation  for  the 
thermal  i somer i za t i ons . 
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Figure  2 . 


fi  7 

Correlation  Diagram  for  Pisrotatory  and  Con- 


rotatory  Ping  Closure  to  the  Oxirane  from  the  intermediate. 
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If  the  oxa t r imethy I ene  intermediate  6  closes  via  a  con- 


rotatory 

mode  as 

i  nd i ca  ted  i  n 

the 

cor  re  1  at i on 

d i agram. 

Figure  2, 

then  by 

the  principle 

of 

microscopic 

re vers i b- 

i  1  i  ty  the 

ring  opening  of  5  must 

also  be  conrotatory. 

Starting 

from  the 

c  ?  s-ox i rane  8 

this 

wou Id  give  an 

oxat  r i - 

methyl ene 

spec i es 

9  with  a  bulky 

a  ry  1 

group  in  a  sterically 

c  rowded 

position 

relative  to 

the 

aryl  group 

in  6 . 

As  a  consequence  the  optical  isomerization  of  c i s-2-phenv I  - 
3-p-to I y 1  ox i rane,  if  it  procedes  through  11,  would  be 
expected  to  be  slower  than  that  of  trans-2- phenyl -3-p-to I yl - 
oxirane  (13)  which  would  procede  through  14. 


- 

jci-i  -  ?  IjE  1  3  t&H  ■ 
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If  however  a  disrotatory  mode  is  used  by  the  oxiranes 
then  the  optical  isomerization  of  10  would,  upon  proceding 
through  14,  be  more  facile  than  that  of  13. 

We  have  undertaken  the  synthesis,  resolution  and 
i some r i za t i on s  of  10  and  13  in  order  to  ascertain  which 
mode  of  rotation  is  used. 


N 
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RESULTS 

SYNTHESIS  AND  RESOLUTION  OF  trans-2-PHENYL-3-p-TOLYL- 
OXIRANE  (13)  AND  ci S-2-PHENYL-3-P-TOLYLOX 1 RANE  (10). 

The  oxiranes  10  and  13  were  prepared  as  Indicated  in 
Scheme  4. 
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The  nmr  in  CDC  l3  of  10  showed  peaks  at^  7.8  (s),  5.72 

(s),  3.02  (s)  and  2.88  (s)  with  an  integration  ratio  of 
3  :  2  :  4  :  5  .  The  nmr  of  13_  in  CDC  l3  displayed  peaks  at  ?  7.65 
(s),  6.175  ( s ) /  2.78  (s)  and  2.65  (s)  with  an  integration 

ratio  of  3 : 2 : 4 : 5  . 
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In  the  procedure  for  the  preparation  of  17  carbon  di¬ 
sulphide  was  the  prescribed  solvent,  hut,  by  using  toluene 
as  the  solvent  the  yield  was  almost  trebled,  rare  was  taken 
to  keep  the  work  up  solutions  neutral  to  minimize  any 
isomerization  to  PhCH ( OH ) COC 6H4  CH3  .  The  yield  of  oxime  was 
considerably  increased  by  maintaining  the  pH  of  the 
reaction  mixture  in  the  region  of  4.5  -  6  with  glacial 
acetic  acid.  Hydrogenation  of  18  went  s ter eospec i f i ca 1 1 y  to 
the  erythro  15  because  of  intramolecular  hydrogen-bonding. 
The  threo  alcohol  23  was  prepared  using  a  stereospecific 
route  via  the  oxazoline  (25).  Absolute  conf i gu ra t i ons  of  19 

H 


2  6 


and  21  were  obtained  by  comparison  with  the  diphenyl  amino 
alcohols  (8).  Great  care  had  to  be  taken  to  purify  23  by 
several  recrys ta 1 1 i za t i ons  until  the  nmr  showed  no  splitting 


of  the 

peak 

attr i buted 

to 

the  methyl 

hydrogens 

and 

the 

chemi ca 1 

shift 

difference  for  the  methine 

hydrogens 

wa  s 

40 

cps.  The  preparation 

of 

the  threo  quaternary 

sa  1 1 

2 it 

requ i red 

the 

reac t i on 

mi xture  be  heated 

to  reflux 

for 

3-4 

days . 

(The 

react i on 

was 

fol lowed  by 

measur i ng 

the 

nmr 
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integration  of  the  methyl  groups  on  the  nitrogen). 


KINETIC  STUDIES 

All  kinetic  studies  were  carried  out  in  a  constant 
temperature  silicon  oil  hath.  The  temperature  was  control¬ 
led  to  within  +  or  -  0.02*0. 

The  rate  of  optical  isomerization  was  followed  hy 
measuring  the  decrease  in  optical  rotation  with  time  at 
various  temperatures/  as  described  in  the  Experimental 
section.  All  plots  of  In  (At  -  Ae)  -  In  ( Ao  -  Ae)  versus 
time  showed  very  good  first  order  kinetics,  where  At  was  the 
optical  activity  observed  at  time  t,  Ae  was  the  optical 
activity  observed  at  t  greater  than  ten  half  lives,  and  Ao 
was  the  optical  activity  observed  at  t=0. 

The  rate  of  geometrical  isomerization  was  followed 
by  measuring  the  decrease  of  c ?  s-ox i rane  by  nmr  studies  of 
the  ring  protons  with  time  at  various  temperatures.  All 
plots  of  In  (Pt  -  Pe)  -  In  ( Po  -  Pe)  versus  time  gave  good 
first  order  kinetics,  where  Pt  was  percentage  c?  s-oxorane 
at  time  t,  Pe  was  the  percentage  c i s-ox ?  rane  at  t  greater 
than  ten  half  lives  and  Po  was  the  percentage  c  ?  s-ox i rane 
at  t  =  0 . 

The  rate  constants  for  optical  isomerization  were 
obtained  from  the  data  in  the  following  manner.  For 


' 
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a  first  order  reaction  of  the  type  A - y Products  it  is 

known  that 

k*.t  =  In  (At  -  Ae)  -  In  (Ao  -  Ae)  (1) 

where  k*  is  the  rate  constant  of  optical  isomerization  and 
t  the  time  in  seconds.  A  plot  of  In  (At  -  Ae)  -  In  (Ao  -  Ae ) 
versus  time  gives  a  straight  line  with  a  slope  k* . 

Calculations  were  performed  on  the  IBM  360/67  computer 
and  all  plots  were  drawn  by  the  CalComp  Plotter  (9).  The 
standard  deviation  (S)  for  N-2  degrees  of  freedom  was 
calculated  at  an  eighty  percent  confidence  limit, 

ll(Y  -  Y)2  -  (£(X  -X )  ( Y  -  Y))2  /  £  ( X  -  x) 

S  =  / - - - - -  (2) 

"V  (N-2)1(X-X)2 

where  barred  symbols  represent  the  mean  values,  N  is  the 
number  of  points.  The  error  factor  (U)  in  the  slope  of  the 
calculated  regression  line  for  N-2  degrees  of  freedom  was 

U  =  S.  t  (3) 

where  t  is  the  precision  index  from  the  Student 

t-d i s t r i but i on . 

GEOMETRICAL  ISOMERIZATION  STUDIES 

Geometrical  isomerzation  kinetic  measurements  were 
carried  out  on  a  small  portion  of  10  in  purified  chloro- 
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benzene.  A  small  amount  of  anhydrous  potassium  carbonate 
was  added  to  each  ampoule  to  prevent  any  acid  catalyzed 
reactions.  All  samples  were  degassed  several  times/  as 
described  in  the  Experimental  Section. 


TABLE  I 

DECREASF  IN  PERCENTAGE  10  WITH  TIME  AT  229.14 °C 


Po  =  100 . 0,  Pe 

=  9.5 

Sampl e 

No.  Time  (sec) 

Pt 

_  1  n  Pfc  -  Pe- 

Po  -  Pc 

1 

14400 

67.3 

0.4482 

2 

21600 

52.4 

0.7451 

3 

29280 

43.4 

0.9811 

4 

3  6  0  6  0 

37.4 

1.1745 

5 

43200 

32.6 

1.3649 

6 

50462 

27.5 

1.6140 

7 

58680 

23.6 

1.8580 

TABLE  1 1 

SUMMARY 

OF  THE  RATE  CONSTANTS  FOP 

GEOMFTP 1  CAL 

ISOMERIZATION 

OF  10  AT 

VARIOUS  TEMPERATURES.* 

Temperature  °C 

-105  .  k 

(ohs ) 

(sec- 

-i  ) 

229.14 

3.16  ± 

0.08 

239.69 

6.  89  ± 

0.04 

246.15 

11.6  ± 

0.2 

★Tables  of  the  percentage  decrease  of  10  are  in  the  Appendix 


. 
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Each  of  the  observed  rate  constants  for  geometrical 
isomerization  of  10  is  in  fact  composed  of  two  rates,  one 
for  c i s  to  t  ra  ns  isomerization  and  the  other  for  t  ra  ns  to 
c i s  isomerization. 

c  i  s-ox  ?  rane  v_  ct  — trans-ox  i  rane 

^tc 

(obs)  k  =  ktc  +  kct  (4) 

From  the  equilibrium  values  of  the  percentage  of  10  and  1J> 
we  can  calculate  kfcc  . 


Keq  =  [  trans-oxi  rane  ]/[  c i  s-ox i  rane  ]  =  kct/kfcc  (5) 

Rearranging  equation  5  and  substituting  in  equation  4  we 
get 

ktc  =  obs  k / C 1  +  Keq  )  (6) 


kct  =  (obs)  k  -  ktc  (7) 


TABLE  1  I  I 

THE  RATE  CONSTANTS  FOR  THE  GFOMFTR I  CAL  I SOMFR I ?AT I  ON  AT 

VARIOUS  TEMPERATURES. 

Temperature  °C  -105.k  (obs)  -105.k  -105.k 


229.14 

239.69 


(sec-'  )  (sec-1  ) 

3.16  ±  0.08  0.299 

6.89  +  0. 04  0.637 


(sec-1  ) 
2.86 
6.26 


246.15 


11.6  ±0.2 


1.11 


10.5 


• 
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The  effect  of  temperature  on  the  rate  constant  is 
calculated  by  the  Arrhenius  equation: 

k  =  A.  exp(Ea/PT)  (8) 

where  k  is  the  rate  constant,  A  is  the  frequency  factor.  Fa 
is  the  energy  of  activation,  R  is  the  gas  constant  and  T  is 
the  temperature.  Equation  8  can  be  expressed  in  a  log- 
ar i thmi c  form: 

In  k  =  In  A  -  Ea/RT  (9) 

The  energy  of  activation  is  obtained  ^rom  the  slope  of 
a  plot  of  In  k  versus  1/T  and  the  frequency  factor  is  the 
intercept  on  the  y-axis. 

The  enthalpy  of  activation  (AH*)  is  calculated  using 
equation  10. 

AH*  =  Ea  -  nRT  (10) 

where  n  is  the  order  of  the  reaction.  In  this  case  n=l  so 
the  equation  becomes 

AH*  =  Ea  -  RT  (11) 

From  the  transition  state  theory  (10) 

k  =  k'T/h.  exp(-AH*/RT).  exp(*S*/R)  (12) 

where  k'  is  the  Roltzman's  constant,  h  is  Plank's  constant 
and  &S*  is  the  entropy  of  activation.  Combining  equations 


11  and  12 

AS*  =  R (  1  n  kh  -  In  k*  eT)  +  Ea/RT 


(13) 
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TABLE  IV 


ACTIVATION  PARAMETERS  FOR  GEOMETRICAL  I  SOMEP.  I  7AT  I  ON 


Reac  t i on 

T empera  ture 

-10  5. k 

Fa 

1  og  A 

°C 

(sec-1  ) 

( kca 1  s/mo  1 ) 

c  i  s  to  t  ra ns 

229.14 

2.86 

c  i  s  to  t  ra  ns 

239.69 

6.26 

39.6  + 

0.5 

12.68 

c  i  s  to  t  ra  ns 

246.15 

10.5 

trans  to  cis 

229.14 

0.299 

t rans  to  cis 

239.69 

0.537 

3°  .  6  ± 

0.5 

11.72 

trans  to  cis 

246.15 

1.11 

OPTICAL  ISOMERIZATION  OF  trans-OX I RANE  U. 

The  rates  of  optical  isomerization  were  measured 
using  l.Qml  aliquots  of  12  in  purified  chlorobenzene,  that 
contained  a  small  amount  anhydrous  potassium  carbonate. 
Each  ampoule  was  degassed  several  times  as  described  in  the 
Experimental  Section.  After  each  run  was  completed  the 
ampoules  were  opened,  the  solutions  filtered,  to  remove  the 
potassium  carbonate,  and  the  optical  activity  was  measured. 


1 
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ACTIVATION 

TABLE 

PARAMETERS  FOR  THE 

VI 

OPTICAL 

1 SOMFRI ZAT 1  ON 

OF  13 

T  emp. 

-105 . k 

Fa 

log  A 

ah* 

AS*" 

(  *C ) 

( sec-1 ) 

( kca 1 /mo  1 ) 

( kca 1 /mo  1 ) 

( eu ) 

179.82 

1.088 

197.22 

4.  750 

35.9  ±  0.5 

12.34 

34.9  +  0.5 

-5  +  1 

207.21 

10 . 560 

THE  OPTICAL  ISOMERZATION  OF  ci s-OXI RANE  10. 

The  optical  i some r i za t i on  kinetics  were  carried  out  in 
the  same  manner  as  those  of  13. 

Each  observed  rate  constant  for  the  optical  isomer- 
ization  of  10  is  in  fact  composed  of  two  rates,  one  for  the 
optical  isomerization  and  the  other  for  geometrical  isomer¬ 
ization. 

(ohs)  k“=  kt  +  kct  (14) 

The  value  of  kct  has  been  calculated  in  the  section  on 
geometrical  isomerization  and  the  effect  of  temperature  on 
the  rate  constant  kcfc  was  corrected  for  by  the  Arrhenius 


equa t i on . 
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TABLE  VIII 


SUMMARY  OF  THF  RATF  CONSTANTS  FOR  OPTICAL  I SOMFR I ZAT I  ON  OF 


10  AT  VARIOUS 

TEMPERATURES. * 

T empe  ra  t ur e 

-10  5 . 1'fCobs  ) 

“10  5 . kcb 

-105.kl 

(  °C) 

(sec  - 1 ) 

(sec  - 1 ) 

( sec- 1 ) 

225.32 

2.96  ±  0.03 

2.  09  6 

0  86 

247.59 

16.7  +0.2 

11.56 

5.  09 

Table  IX  gives  the  percentage  decrease  in 

10  during 

the  reaction 

as  was  found  by 

nmr  studies 

of 

the  i n  t  e  g  r - 

ation  of  the 

r i ng  hydrogens . 

TABLE 

1  X 

DECREASE  IN  PERCENTAGE  10  DURING 

THF  OPTICAL  I SOMFR 1 7 AT  1  ON 

OF  10  AT  EACH 

TEMPERATURE  AND  THF  CALCUTATFD  VALUFS. 

T  i  me 

225 . 32  °C 

T  i  me 

247.59  T 

( sec ) 

Pt  Pcalc 

( sec ) 

Pt 

Pea  1  c 

22380 

62.8  62.6 

12  0  0 

80.6 

81 .  2 

36000 

46.8  47.0 

3600 

64.8 

63.9 

57900 

29.6  29.7 

7200 

42.0 

43.4 

72000 

21.5  22.1 

10800 

29.  0 

29.6 

>10t,fc 

9.5 

>i°t& 

9.5 

*  Tables  for  the  decrease  In  optical  activity  of  1_£L 
with  time  are  in  the  Appendix. 
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TABLE  X 


ACTIVATION  PARAMETERS  FOR  THE  OPTICAL  ISOMERIZATION  OF  10 


T  emp. 

-105.  k 

Ea 

log  A 

A  H* 

A  S* 

(  #C) 

(sec-1  ) 

( kca 1 /mo  1 ) 

( kca 1 /mo  1 ) 

( eu ) 

225.32 

0.86 

41.1  ±  0.5 

12.96 

40.2  ±  0.5 

-2  ±  1 

247. 59 

5.  09 

The  complete  optical  and  geometrical  isomerization 


kinetic  data  is  outlined  in  Table  XI. 


. 

COMPLFTF  KINETIC  DATA 
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D  I  SCUSSI ON 

The  reason  for  carrying  out  this  work  has  been  to 
compare  the  rate  constants  for  optical  isomerization  of  10 
with  that  of  13.  From  orbital  symmetry  considerations, 
intermediates  i soe I ec t ron i c  with  the  a  1  I y I  anion  should 
close  to  the  three  membered  ring  analog  in  a  conrotatory 
mode  and  this  ring  should  also  open  in  a  conrotatory  mode. 

Operationally  if  the  optical  isomerization,  an  electro- 
cyclic  process  (2,3),  opens  in  a  conrotatory  mode  to  the 
intermediate  then  the  transition  state  for  the  optica! 
isomerization  of  10  should  be  higher  than  that  of  13  on  the 
reaction  coordinates.  The  difference  in  the  transition 
state  levels  will  be  caused  by  a  bulky  aryl  group  having  to 
rotate  "inwards"  in  10  whereas  with  13  both  aryl  groups 
will  be  "outwards"  as  seen  on  page  8. 

The  ratio  for  the  rate  constant  for  optical  isomer¬ 
ization  of  13  to  that  of  10  was  found  to  be  59:1  at  207.21* 
C.  The  observed  levels  on  the  reaction  coordinates  are 
indicated  in  Figure  3.  The  transition  state  for  the  optical 
isomerization  of  the  c  ?  s-ox i rane  is  7.4  kcal/mol  above  that 
of  the  trans-oxi rane.  We  thus  conclude  that  THE  OXIRANES 
ARE  OPENING  VIA  A  CONROTATORY  MODE. 

The  optical  and  geometrical  isomerization  rate 
constants  can  be  explained  if  we  use  the  scheme  put  forward 
by  Huisgen  for  the  aziridine  (4). 


. 
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Scheme  5 

The  relative  ratio  of  the  rate  constants  at  207.21  °  .C 
was  k?  :  kg  :  kcfc  :  kfcc.  =220:  4:  10:  1. 

If  we  consider  fourteen  molecules  of  (  +  )10  which 
overcome  the  ring  opening  barrier  at  207.21°C  and  arrive  in 
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the  energy  trough  of  11,  we  see  that  two  of  these  molecules 
will  roll  back  to  (+)10  while  two  will  pass  on  to  form  ( -  )  10 
and  the  other  ten  will  isomerize  to  14  with  five  of 
these  reclosing  to  give  (  +  )13  and  the  other  five  to  give 
(“)13.  Similarly  if  we  consider  four  hundred  and  forty-two 
molecules  of  (  +  )13  which  overcome  the  ring  opening  barrier 
at  207.21°  C  and  arrive  at  the  energy  trough  of  14,  we  see 
that  two  hundred  and  twenty  will  roll  back  to  (  +  )13  while 
two  hundred  and  twenty  will  pass  on  to  form  (-)13  and  the 
remaining  two  will  isomerize  to  11  to  give,  on  ring  closure, 
one  molecule  of  (  +  )10  and  one  of  ( — ) 1 0 .  Considering  the 
c i s  to  t  rans  geometrical  isomerization  we  see  that  if 
eleven  molecules  of  10  overcome  the  ring  opening  barrier  at 
207.21  °  C  and  arrive  at  the  energy  trough  of  11  ten  of  these 
will  isomerize  to  14  while  one  will  reclose  to  10.  The 
intermediate  11  seems  to  be  partitioned  in  the  ratio  10:1 
in  favour  of  geometrical  isomerization  to  14  rather  than 
conrotatory  ring  closure  to  10. 

While  the  "Huisgen  Scheme"  is  a  convenient  one  for 
depicting  the  total  reaction  profile,  there  also  exists  the 
possibility  that  14  undergoes  a  disrotatory  ring  closure  to 
10  and  that  11  undergoes  a  similar  disrotatory  closure  to 
13.  We  have  no  knowledge  as  to  whether  13  on  isomerizing  to 
10  must  go  through  the  two  intermediates  14  and  11 
or  whether  it  is  a  function  of  con  versus  disrotatory  modes 
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Figure  3a.  Profile  where  14  and  11  are  Intermediates  in  the 

cis-trans  Isomerization. 
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Figure  3b.  Profile  where  14  and  11  are  Competitive  with 

ci s-trans  I somer i zat i on . 
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FXPFR I MFNTAL 

All  me  I  tine  and  boiling  point?  are  uncorrpctpr1.  The 
infrared  spectra  were  run  on  a  Perkin  Flmer  421  spectro¬ 
photometer  equipped  with  crating  optics.  The  nuclear 
magnetic  resonance  (nmr)  spectra  ware  measured  on  the 
Varian  Associates  Mode  I  s  ABO,  A60D  and  A5F/F0A  snectro- 
photometers.  Mass  spectra  were  obtained  on  the  AFI  nass- 
spectrometers  MS2-H  and  MS-9.  The  temperature  in  the 
constant  temperature  oil  bath  was  controlled  by  Melabs 
Proportional  Temperature  Controller  model  CTC-1A. 

Microanalyses  were  performed  by  tbp  M i c roana I y t i c  lab.. 
Chemistry  Dept.,  University  of  Alberta. 


PHFMYLGLYOXA L  ( 16 ) .  It  was  prepared  using  the  selenium 
dioxide  oxidation  procedure  of  Riley  and  rray  (11).  The 
yield  of  yellow  viscous  oil  was  62.1%  (based  on  aceto¬ 
phenone),  bp  61  " C  at  2mm  (lit  95-97®C  at  25mm).  The  nmr 
spectrum  in  CDC  l3  showed  peaks  at  ¥  2.3  (m1!  and  0.23  (s). 
The  integration  ratio  was  5:1  for  the  spectrum. 

4-METHY  LBFNZO I N  (1_7).  The  preparation  used  was 
essentially  the  procedure  of  Fuson,  Fmerson  and  Weinstock 
Jr.  (12)  except  that  the  solvent  used  was  toluene  instead 
of  carbon  disulphide.  The  final  traces  of  toluene  were 


' 
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removed  by  washing  with  Skelly  B.  After  several  recrystal¬ 
lizations  from  50%  ethanol  white  needle-like  crystals  were 
obtained  in  59%  yield  (based  on  16)/  mp  119-120*6.  The  nmr 

spectrum  run  in  CD C 1 3  showed  peaks  at  ?  7.7  (s)/  5.55  (s), 

4.1  (s)  and  2.5  (m).  The  integration  of  the  spectrum  gave  a 
ratio  3 : 1 : 1:9  and  with  02  0  the  ratio  became  3:0:  1:9.  The  \r, 
using  potassium  bromide  plates,  gave  intense  peaks  at 

3400cm*1  (OH)  and  at  1670cm*1  (CO).  The  m/e  parent  peak  was 

at  226 . 

Anal  calcd  for  C15  Hu  02  :  C/  79.  62;  H/6.24 
Found  C/79.52;  H/6.31 

4-METHY LBENZO I N  OXIME  (18).  The  preparation  used  was 
that  of  Goldschmidt  and  Polonowska  (13).  The  yield  of 

powdery  white  crystals  was  87,6%  (based  on  17)/  mp  139  °C. 
The  nmr  in  DMS0-d6  gave  peaks  at  5?  7.92  (s)/  4.42  (q) 

2.98  (d)  and  0.5  (s)  with  an  integration  ratio  3:2:9: 1  and 

with  D2  0  the  ratio  became  3 :  1:9:0  with  peak  at  7'  4.42 

becoming  a  singlet  at  4.64.  The  ir  in  nujol  gave  an  intense 
peak  at  1675cm"1  (C=N).  The  m/e  parent  peak  was  at  241. 

Anal  calcd  for  C15  H15  02  M  :  C/  74.66  ;  H/6.27;  N/5.81 

Found  C/74.41;  H/6. 06;  N,5. 83 

er ythro- 2- AM  I  NO -2- PHENYL- 1-p-TO LY LETHANO L  (19).  The 

hydrogenation  of  the  oxime  L8  using  Pd  on  charcoal  in 


• 
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ethanol  was  analogous  to  the  procedure  of  Huffman  and 
Elliot  (14).  The  yield  of  white  needle-like  crystals  was 
96%  (based  on  18_) ,  mp  142-143  “C.  The  nmr  in  CD  C 1 3  showed 
peaks  at  Of  7.99  ( s ),  7.68  (s),  5.62  (2d,  chemical  shift  =  35 
cps),  2.89  (s)  and  2.72  (s).  The  integration  ratio  was  3:3: 
2:4:5  and  with  Dj,  0  the  ratio  became  0:3:2:4:5.  The  i  r,  using 
potassium  bromide  plates,  gave  peaks  at  3410cm"1  (OH),  3360 

cm-1  and  3295cm-1  (NH2).  The  m/e  parent  peak  was  a.t  22  7. 

Anal  calcd  for  C15  H17  ON  ;  0,  79.  26;  H,7.54;  N,6.16 
Found  C,  79  .  26  ;  H,7.44;  N,6.16 

The  hydrochloride  (2_1)  was  prepared  by  adding  19  to  a  1:1 
ether-ethanol  solution  containing  excess  hydrochloric  acid 

( IS: 2R) - ( + ) -2-AM I N0-2-PHENYL-l-p-T0LYLETHAN0L  (20).  The 
resolution  of  19  was  essentially  that  of  Tishler  et  al  (8) 
except  that  L-( + ) -g I utami c  acid  was  used  in  50%  ethanol. 
The  optical  rotation  was  [o4]*°  +  5  (  c,  1 .  0,  ethano  I  )  for  2J). 

(2S: 3S)-(-)-2-PHENYL-3-p-T0LYL0XI RANE  (13).  The  (+)- 
amine  2_0  was  treated  with  iodomethane  and  sodium  carbonate 
in  methanol  as  per  the  procedure  of  Read  and  Campbell  (15). 
The  isolated  quaternary  salt  (25)  had  a  mp  219°C.  The  nmr 
in  DMS0-d6  displayed  peaks  at  0T  7.9  (s),  6.72  (s),  5.4  (s, 

OH),  4.45  (q)  and  3.0  (d)  with  an  intergration  ratio 
of  3:9: 1:2:9.  The  quaternary  salt  was  not  further  purified 
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but  was  used  directly  in  the  synthesis  of  13. 

The  salt  25  (3.6s,  9mmo I )  was  dissolved  in  250ml  water 
and  silver  oxide  (about  3g/  9 . 6mmo I )  was  added.  The 

solution  was  steam  distilled  and  the  distillate  contained 
white  crystals  of  13.  Yield,  after  recrystallization 
from  60%  ethanol,  was  76%  (1.47g,  7mmo  I  ) ,  mp  76-76  .  5  *C,  i>Jo0 
-38 0° ( c, 0. 16, ethano  I ) .  The  nmr  spectrum  in  CD  C l3  displayed 
peaks  at  3*  7.65  (s),  6.18  (s),  2.78  (s)and  2.65  (s)  with  an 
integration  ratio  3:2:4:5.  The  m/e  parent  peak  was  at  210. 
Anal  calcd  for  C15  H14  0  ;  C,  85.  67;  H,6.71 
Found  C, 85 . 56 ;  H,6.62 

(  1R:  2R) -(•»-) -2-AMI  NO-2- PH  ENY  L- 1-p-TO  LY  LETHANO  L  (23.).  The 
hydrochloride  2_1  was  treated  with  formamide  to  give 
( IS : 2R ) - (  +  ) -N-f ormy 1-2- ami  no -2-phenyl -1-p-to I y I ethano I  ( 2 2 ) 
and  this  was  treated  with  thionyl  chloride  as  described  by 


T i sh 1 er 

et  a  1  ( 8  ) 

to  give 

the 

ami  ne  25_.  Great 

care 

was 

taken 

to  recrys ta 1 1 

ize  23. 

The 

mp  was  116-118°C, 

U]2o° 

-141' 

(c,  1.  7. 

ethanol).  The 

m/e  parent 

peak  was  at  227. 

The 

nmr 

spectrum  run  in  CDCI3  displayed  peaks  at  ^  7.72  (s),  5.72 

(2d,  chemical  shift  =  40cps),  2.98  (s)  and  2.82  (s)  with  an 
integration  ratio  6 : 2 : 4 : 5  and  with  D2 0  it  became  3:2:4:5. 
Anal  calcd  for  C15  NO  ;  C,  79.  26;  H,7.54;  N,6.16 
Found  C,  78  .  9  8 ;  H,7.46;  N,6.24 
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(2R:3S)-(+)-2-PHENYL-3-p-TOLYLOXIRANE  (10).  The  quater¬ 
nary  salt  (24)  of  23  was  prepared  In  a  similar  manner  to 
that  of  25.  The  only  difference  was  that  the  reaction 
mixture  was  heated  to  reflux  for  three  to  four  days 
instead  of  two  hours.  The  salt  24  was  treated  wi th  silver 
oxide  and  steam  distilled  in  the  same  way  as  25.  The 
oxirane  10  was  obtained  as  a  pale  yellow  oil  in  a  70%  yield. 
All  attempts  to  crystallize  it  failed.  The  nmr  spectrum  in 
CDC13  gave  peaks  at  *5*  7.8  (s),  5.72  (s),  3.02  (s)  and 

2.88  (s)  with  an  integration  ratio  3:2:4:5.  The  m/e  parent 
peak  was  at  210.  +12  .  8°  (  c,  1 .  7,  ethanol  ) . 

Anal  calcd  for  C15  Hu  0  :  0,  85.67;  H6.71 
Found  C,  85  .  42;  H,6.74 


KINETIC  STUDIES. 

For  optical  i some r i za t i on  studies  samples  of  10  and  13 
were  dissolved  in  purified  chlorobenzene  to  give  concent¬ 
rations  of  approximately  0.1M  and  0.008M  respectively  and 
Ao  v/as  determined.  Aliquots  were  transferred  by  1.00ml 
syringe  to  1.5ml  ampoules  that  contained  approximately  15mg 
of  anhydrous  potassium  carbonate,  to  prevent  any  acid 
catalysed  reactions.  The  ampoules  were  constructed  of  2mm 
walled  glass  tubing  with  an  inner  diameter  of  0.5cm  and 
about  1.5cm  long.  Each  sample  was  degassed  on  a  vacuum  rack 
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with  liquid  nitrogen  cooling  during  evacuation.  Three 
freeze-degas -thaw  cycles  were  performed  on  each  sample.  The 
ampoules  were  sealed,  removed  from  the  vacuum  line  and 
heated  for  the  required  time  in  a  constant  temperature  oil 
bath.  The  temperature  of  the  oil  hath  was  measured  by  a  4- 
junctioned  i ron-cons tantan  thermocouple  that  had  previous¬ 
ly  been  calibrated  versus  an  NBS  quartz  thermometer. 

After  the  appropriate  times  in  the  oil  bath  the 
ampoules  were  withdrawn  and  immediately  quenched  in  an  ice- 
water  bath.  Infinity  values  were  obtained  from  ampoules 
heated  for  longer  than  ten  half  lives. 

After  each  run  was  completed  the  ampoules  were  cooled 
in  liquid  nitrogen  and  cracked*  open.  The  decrease  in 
optical  activity  at  25.0°+  or  -  0 .  2°  C  was  measured  in  a  1ml, 
Idem  polarimetric  cell.  Fach  solution  was  filtered, 
to  remove  the  sodium  carbonate,  before  the  rotations  were 
measured.  The  precision  of  the  measurements  was  +  0.002°  at 
the  wavelengths  589mu,  578mu,  546mu,  43Pmu  and  365mu. 

A  sample  corresponding  to  two  half  lives  of  the 
optical  isomerization  of  13  was  examined  by  the  nmr  and  no 
10  was  detected. (ie  less  than  5%).  Several  samples  of  13 
were  subjected  to  nmr  studies  after  optical  isomerization 
kinetic  measurements  were  performed,  see  Table  IX. 

For  geometrical  isomerization  of  10  a  solution  of 
approximately  0.29M  was  used.  Only  0.3ml  of  this  solution 
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was  used  for  each  sample  studied.  Infinity  ampoules  were 
prepared  for  c i s  to  t rans  isomerization  and  for  t  rans  to 
c i s  isomerization  at  each  temperature.  The  nmr  studies 
followed  the  decrease  in  percentage  of  10  by  integrating 
the  oxirane  ring  hydrogens.  Sixteen  integrations  were 
performed  for  each  sample  and  the  average  value  was  used 
for  the  calculations. 

The  only  product  observed  was  the  t  ran  s  isomer  13. 


’ 


37 


APPENDIX 
TABLE  XI  I 


DECREASE 

IN  PERCENTAGE 

10  WITH  TIME  AT 

239.69°  C 

Po  =  100.0, 

Pe  =  9. 2 

Sample  No. 

Time  (sec) 

Pt 

-In  P* 

R>“  Pe 

1 

3600 

79.8 

0.2518 

2 

7200 

62.7 

0.5296 

3 

10800 

50.1 

0.7985 

4 

14400 

41.5 

1.0354 

5 

19800 

30.  2 

1.4641 

6 

28800 

20.1 

2.1220 

7 

32400 

17.6 

2.3873 

. 

TABLE  XI  I  I 


DECREASE 

IN  PERCENTAGE 

10  WITH  TIME  AT 

246.15  °C 

Po  =  100.0, 

Pe  =  9.5 

Sample  No. 

Time  (sec) 

Pt 

-In  Rr,  -  Pj» 
Po  -  Pe 

1 

3750 

66.7 

0.4594 

2 

5430 

57.  7 

0.6298 

3 

7200 

48.4 

0.8433 

4 

9060 

40.6 

1.0689 

5 

10800 

35.4 

1.2529 

6 

12600 

29.4 

1.5132 

7 

14460 

26.4 

1.6799 

8 

16200 

23.5 

1. 8669 

9 

18000 

20.3 

2.1236 

. 
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TABLE  XIV. 


DECREASE 

1  N 

OPTICAL  ACTIVITY 

OF 

13  WITH  TIME 

AT  179.82  °i 

At 

589mu/  Ao  =  -0.634, 

Ae  =  -0.003 

Samp  1 e 

No 

• 

Time  (sec) 

-At  -1 

|  n  Be  — ,  Rg 

Bo  “  fle 

1 

14520 

0.547 

0.15152 

2 

28800 

0.469 

0.30628 

3 

43200 

0.407 

0.44906 

4 

57600 

0.343 

0 .62006 

5 

72000 

0.299 

0.76011 

6 

86400 

0.254 

0.92502 

7 

100800 

0.213 

1.10098 

8 

115200 

0.183 

1.25751 

TABLE 

DECREASE 

1  N 

OPTICAL  ACTIVITY 

OF 

13  WITH  TIME 

AT  179.82  °i 

At 

578mu,  Ao  =  -0.668, 

Ae  =  -0.001 

Samp  1 e 

No 

• 

Time  ( sec ) 

-At  - ! 

ln  9e 

P&43  A® 

1 

14520 

0,574 

0.15115 

2 

28800 

0.491 

0.30763 

3 

43200 

0.423 

0.45703 

4 

57600 

0.360 

0.62011 

5 

72000 

0.313 

0.75904 

6 

86400 

0.266 

0.92231 

7 

100800 

0.223 

1.09936 

8 

115200 

0.191 

1.25765 

tt 
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TABLE  XVI 


DECREASE 

1  N 

OPTICAL  ACTIVITY  OF 

13  WITH 

TIME  AT  1 79 . 8  2  °C 

At 

546mu,  Ao  =  -0.770, 

> 

ID 

II 

1 

o 

.002 

Sample  No 

• 

Time  (sec) 

-At 

-In  A& 

Ao—  As. 

1 

14520 

0.662 

0.15144 

2 

28800 

0.567 

0.30673 

3 

43200 

0.489 

0.45618 

4 

5  7600 

0.414 

0.62220 

5 

72000 

0.361 

0.75973 

6 

86400 

0.307 

0.92413 

7 

100800 

0.257 

1.10122 

8 

115200 

TABLE  XVI 1 

0.220 

1.25765 

DECREASE 

1  N 

OPTICAL  ACTIVITY  OF 

13  WITH 

TIME  AT  179.8  2  °C. 

At 

436mu,  Ao  =  -1.441, 

Ae  = 

-0.001 

Sample  No. 

Time  ( sec ) 

-At 

-  i  n  Afe-nfe 

A©  A®, 

1 

14520 

1.232 

0.15676 

2 

28800 

1.058 

0.30908 

3 

43200 

0.912 

0.45765 

4 

57600 

0.774 

0.62247 

5 

72000 

0.674 

0.76026 

6 

86400 

0.572 

0.92536 

7 

100800 

0.482 

1.09688 

8 

115200 

0.412 

1.25294 

. 

,  /  •  r) 
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TABLE  XVI 1  I 


DECREASE 

1  N 

OPTICAL  ACTIVITY 

OF 

13  WITH  TIME 

AT  1 79 . 8 2  °C 

At 

365mu,  Ao  =  -2.595, 

Ae  =  -0.002 

Sample  No 

• 

Time  (sec) 

-At 

|  n  -Afe~  As 

Ao  A® 

1 

14520 

2.209 

0.16099 

2 

28800 

1.895 

0.31446 

3 

43200 

1.636 

0.46159 

4 

57600 

1.388 

0.62656 

5 

72000 

1.206 

0.76739 

6 

86400 

1.029 

0.92574 

7 

100800 

0.866 

1.09881 

8 

115200 

0.739 

1.25779 

TABLE 

XIX 

DECREASE 

1  N 

OPTICAL  ACTIVITY 

OF 

13  WITH  TIME 

AT  19  7.22  *C 

At 

589mu,  Ao  =  -0,672, 

Ae  = 

-0.002 

Sample  No. 

Time  ( sec ) 

-At 

-in  At-Ae 
A©  A  g, 

1 

3600 

0.567 

0.17059 

2 

7200 

0.480 

0.33797 

3 

10800 

0.406 

0.50635 

4 

14580 

0.338 

0.69091 

5 

18120 

0.288 

0.85229 

6 

21600 

0.245 

1.01347 

7 

25200 

0.203 

1.20323 

8 

28800 

0.175 

1.35613 

*» 
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TABLE  XX 


DECREASE 

IN 

OPTICAL  ACTIVITY  OF 

13  WITH 

TIME 

AT  19  7  .  2  2  °C 

At 

578mu,  Ao  =  -0.705, 

Ae  =  - 

0.001 

Sample  No 

• 

Time  (sec) 

-At 

- 

1  n  Ae 

A.  -Ad 

1 

3600 

0.597 

0.16738 

2 

7200 

0.506 

0.33321 

3 

10800 

0.425 

0.50704 

4 

14580 

0.355 

0.68889 

5 

18120 

0.299 

0.35968 

6 

21600 

0.258 

1.00770 

7 

25200 

0.213 

1.20019 

3 

28300 

0.183 

1.35552 

TABLE  XXI 

DECREASE 

IN 

OPTICAL  ACTIVITY  OF 

13  WITH 

TIME 

AT  197.22  °C 

At 

546mu,  Ao  =  -0.813, 

Ae  =  0 

Sample  No 

• 

Time  ( sec ) 

-At 

-1 

1  n  Ae.-  Ae 

Ao  ~  Ae 

1 

3600 

0.687 

0.16851 

2 

7200 

0.582 

0.33365 

3 

10800 

0.491 

0.50469 

4 

14580 

0.408 

0.68885 

5 

18120 

0.345 

0.85802 

6 

21600 

0.296 

1.01145 

7 

25  200 

0.246 

1.19478 

8 

28800 

0.208 

1.36258 

. 
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TABLE  XXII 


DECREASE  IN 

OPTICAL  ACTIVITY 

OF 

13  WITH 

TIME 

AT  197  .  22  °C 

At 

436mu,  Ao  =  -1.519, 

Ae  =  - 

0.001 

Sample  No. 

Time  ( sec ) 

-At 

- 

1  n  Afe 

Ao  -  Ae 

1 

3600 

1.282 

0.17008 

2 

7200 

1.080 

0.34169 

3 

10800 

0.915 

0.50765 

4 

14580 

0,759 

0.69414 

5 

18120 

0.646 

0.85545 

6 

21600 

0.545 

1.02561 

7 

25  200 

0.456 

1.20518 

8 

28800 

0.385 

1.37353 

TABLE 

XX  1  1 

!  1 

DECREASE  IN 

OPTICAL  ACTIVITY 

OF 

13  WITH 

TIME 

AT  19  7.2  2  °C 

At 

365mu,  Ao  =  -2.728, 

Ae  = 

-0.001 

Sample  No. 

Time  (sec) 

-At 

-  )  n  A j 

A.  —  As 

1 

3600 

2.299 

0.17152 

2 

7200 

1.931 

0.34624 

3 

10800 

1.636 

0.51236 

4 

14580 

1.354 

0.70199 

5 

18120 

1.152 

0.86401 

6 

21600 

0.975 

1.03138 

7 

25200 

0.816 

1.21011 

8 

28800 

0.690 

1.37862 

» 
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TABLE  XXI V 


DECREASE  IN 

OPTI CAL  ACTI VI TY  OF 

13  WITH  TIME  AT  207. 21 9C 

At 

589ml!,,  Ao  =  -0.634, 

Ae  =  -0. 001 

Sample  No. 

Time  (sec) 

-At  -In  A*  -  Afr. 

Ao  -  A  e 

1 

5400 

0.364  0.55922 

2 

7200 

0.  300  0.  75  151 

3 

9000 

0.252  0.92618 

4 

10800 

0.206  1.12818 

5 

12600 

0.171  1.31783 

6 

14400 

0.142  1.50487 

7 

16320 

0.115  1.71743 

DECREASE  IN 

TABLE  XXV 

OPTI CAL  ACTI VI TY  OF 

13  WITH  T 1  ME 

AT  207. 21° C 

At 

578ml!,  Ao  =  -0. 

668, 

Ae  =  -0. 001 

Sample  No. 

Time  (sec) 

-At  -  1 

1  n  Afc  -  Ae 

A  o  ~  A  e 

1 

54  0  0 

0.384 

0. 55476 

2 

7200 

0.  316 

0. 75022 

3 

9000 

0.  263 

0.93254 

4 

10800 

0.  216 

1. 13215 

5 

12600 

0.  179 

1. 32101 

6 

14400 

0.  148 

1.51236 

7 

16  320 

0.  121 

1. 71530 

. 

. 


. 

45 


TABLE  XXVI 


DECREASE  IN 

OPTICAL  ACTIVITY  OF 

13  WITH  TIME 

AT  20 7 . 2 1  °C 

At 

546mu/  Ao  =  -0.770, 

Ae  =  -0.000 

Sample  No. 

Time  (sec) 

-At 

1  n 

Ac  —As 

1 

5400 

0.441 

0.55735 

2 

7200 

0.364 

0.75061 

3 

9000 

0.304 

0.93101 

4 

10800 

0.245 

1.14513 

5 

12600 

0.205 

1.32582 

6 

14400 

0.171 

1.50766 

7 

16320 

0.139 

1.71552 

TABLE  XXV 1 1 

1 

DECREASE  IN 

OPTICAL  ACTIVITY  OF 

13  WITH  TIME 

AT  2 0 7 . 2 1  °C 

At 

436mu,  Ao  =  -1.441, 

Ae  =  -0.001 

Sample  No. 

Time  (sec) 

-At 

1  n  -Afe__7~  Afr 

Ao  -Ac. 

1 

5400 

0.826 

0.55727 

2 

7200 

0.679 

0.75438 

3 

9000 

0.566 

0.93611 

4 

10800 

0.461 

1.14191 

5 

12600 

0.384 

1.32663 

6 

14400 

0.318 

1.51473 

7 

16320 

0.257 

1.73079 
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TABLE  XXVI  I  I 


DECREASE  IN 

OPTICAL  ACTIVITY  OF 

13  WITH  TIME 

AT  207.21 °C 

At 

365mu,  Ao  =  -2.595, 

Ae  =  -0.002 

Sample  No. 

Time  ( sec ) 

-At  -1 

In 

A.-A, 

1 

5400 

1.482 

0.56058 

2 

7200 

1.216 

0.75870 

3 

9000 

1.015 

0.94020 

4 

10800 

0.831 

1.14076 

5 

12600 

0.690 

1.32732 

6 

14400 

0.572 

1.51474 

7 

16320 

0.461 

1.73242 

table 

XXIX 

DECREASE 

IN 

OPTICAL  ACTIVITY 

u_ 

o 

10  WITH  TIME 

AT  2  2  5 . 3  2  °C 

At 

589mu,  Ao  =  0.500, 

Ae  =  0.001 

Sample  No. 

Time  (sec) 

At 

i  A&  —  Aa 

1  '  Aa  -Ac 

1 

14400 

0.357 

0.33547 

2 

22380 

0.281 

0.57448 

3 

29100 

0.232 

0.76787 

4 

36000 

0.190 

0.96496 

5 

43140 

0.155 

1.16796 

6 

57900 

0.099 

1.61445 

7 

72000 

0.067 

2.00992 

I 


TABLE  XXX 


DECREASE 

IN 

QPTIVAL  ACTIVITY  OF 

10  WITH  TIMF 

AT  2  2  5 . 3  2  #C 

At 

578mu,  Ao  =  0 . 521, 

Ae  =  0.002 

Sample  No. 

Time  (sec) 

At 

1  n  ik 

As,  A® 

1 

14400 

0.371 

0.33994 

2 

22380 

0.293 

0.57633 

3 

29100 

0.242 

0.76792 

4 

36000 

0.191 

1.00252 

5 

43140 

0.161 

1.17339 

6 

57900 

0.103 

1.62006 

7 

72000 

0.069 

2.02431 

table 

un 

DECREASE 

1  N 

OPTICAL  ACTIVITY 

OF 

10  WITH  TIME 

AT  225.32‘C 

At 

546mu/  Ao  =  0.587, 

Ae  =  0.001 

Sample  No. 

Time  )sec) 

At 

i  ~  At  -  Ae 
ln 

1 

14400 

0.419 

0.33801 

2 

223  80 

0.331 

0.57225 

3 

29100 

0.273 

0.76457 

4 

36000 

0.217 

0.99598 

5 

43140 

0.180 

1.18015 

6 

5  7900 

0.116 

1.61798 

7 

72000 

0.077 

2.03207 

- 
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TABLE  XXXI  I 

DECREASE  IN  OPTICAL  ACTIVITY  OF  10  WITH  TIME  AT  225.32*Q 


At 

436mu/  Ao  =  0.953, 

Ae  =  0.001 

Sample  No. 

Time  ( sec ) 

At 

|  n  Afr  — Ae 

'  A,  *“  Ae 

1 

14400 

0.687 

0.32728 

2 

22380 

0.542 

0.56481 

3 

29100 

0.448 

0.75482 

4 

36000 

0.355 

0.98750 

5 

43140 

0.299 

1.15570 

6 

57900 

0.189 

1.61523 

7 

72000 

0.123 

2.04337 

table 

XXI  i.i 

DECREASE 

1  N 

OPTICAL  ACTIVITY 

OF 

in  WITH  TIMF 

AT  247. 59T 

At 

589mu,  Ao  =  0. 500, 

Ae  =  0.001 

Sample  No. 

Time  (sec) 

At 

In  ^  Zjfi 

A©  Ae 

1 

1800 

0.398 

0.22690 

2 

2700 

0.350 

0.35667 

3 

3600 

0.259 

0.52594 

4 

5400 

0.224 

0.80296 

5 

7200 

0.161 

1.13010 

6 

9000 

0.124 

1.39030 

7 

10800 

0.090 

1.71480 

. 
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TABLE  XXXIV 

DECREASE  IN  OPTICAL  ACTIVITY  OF  10  WITH  TIME  AT  247.59°C 

At  5  78ITIII/  Ao  =  0.521/  Ae  =  0 


Sample  No. 

Time  (sec) 

At 

-In  .At..—  A q 

A©  ~  Ae 

1 

1800 

0.416 

0.22531 

2 

2700 

0.366 

0.35352 

3 

3600 

0.310 

0.51822 

4 

5400 

0.233 

0. 80590 

5 

7200 

0.169 

1.12489 

6 

9000 

0.125 

1.43048 

7 

108  00 

0.095 

1.70619 

TABLE 

XXXV 

DECREASE 

IN 

OPTICAL  ACTIVITY  OF 

10  WITH 

TIME  AT  24  7 . 59  °C 

At 

546mu,  Ao  =  0. 

5  8  7, 

Ae  =  0 . 

001 

Sample  No. 

Time  (sec) 

At 

-In  Aft.-rAg 

A*”  Ae 

1 

1800 

0.470 

0.22208 

2 

2700 

0.414 

0.35001 

3 

3600 

0.350 

0.51652 

4 

5  40  0 

0.263 

0.80372 

5 

7200 

0.192 

1.11578 

6 

9000 

0.145 

1.39914 

7 

10800 

0.108 

1.69375 
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TABLE  XXXVI 


DECREASE 

IN 

OPTICAL  ACTIVITY  OF 

10  WITH  TIME 

AT  247.59  °C 

At 

436mu/  Ao  =  0.953, 

Ae  =  0.001 

Sample  Mo. 

Time  (sec) 

At 

In  A*  -  Ag, 

A  e>  -  Ac 

1 

1800 

0.774 

0.20804 

2 

2700 

0.677 

0.34194 

3 

3600 

0.573 

0.50786 

4 

5400 

0.431 

0.79351 

5 

7200 

0.306 

1.13440 

6 

9000 

0.228 

1.43027 

7 

10800 

0.169 

1.72676 

% 
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Figure  5.  A  Sample  of  the  Plots  of  In  (At  -  Ae)  -  In  (A o  -  An) 

versus  Time  at  19  7.  22  °C  for  the  Optical  Isomerization  of  ]3. 
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Figure  6.  A  Sample  of  the  Plots  of  In  (At  --  Ae)  -  In  (Ao  -  Ao) 

vprfius  Time  at  2  25,32°C  for  the  Optical  Isomerization  of  10. 


-11-8  -11-4  -11-0  -10-6  -10-2  -9-8  -9-4‘ 
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Figure  7.  A  Sample  of  the  Plots  of  In  k  versus  1/T  (gK). 
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